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Abstract 
One of the most important components related to vehicle dynamics is the tire and wheel set. According to their dimensions 
(diameter, height, width, design) the vehicle dynamic behavior and driving comfort are seriously affected. Besides these aspects, 
the wheel/tire configuration has a main role over vehicle design and style. Nowadays, there is a design strategy which main 
feature is the increase of wheel diameter, causing the reduction of the tire side profile (tire height). After the increase of the wheel 
size, the total dynamic and static diameter of the whole set must be the same, causing the previous mentioned tire height
reduction. 
In this work we investigate concerning the fatigue damage accumulation over light passenger vehicle body, related to the changes 
in the wheel/tire sizes. The vehicles were instrumented with strain gages in order to collect the stress levels acting at several areas 
of the vehicle body. These measurements were performed with a wide range of wheel/tire sizes in order to verify the importance 
of this component over structural integrity. The increase of the wheel size (and therefore decrease in tire height) has a significant 
role in the stress levels acting over the vehicle body, causing a higher fatigue damage accumulation. These new stress levels must 
be considered during the dimensioning of the vehicle components with higher wheel dimensions. 
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1. Introduction 
One of the most important components of the vehicle suspension is the tire/wheel set. The tire is in charge of the 
contact between the vehicle and its working surface: the ground, which can be either an excellent smoothed high 
speed road, or a mud and treacherous combat field. Moreover, the tire set has a bold role over the definition of the 
traction limit, acceleration and braking performances and vehicle steering control. The main objectives for the tire 
design, according to Gillespie (1992), are:  
 
x Support the vertical load, while cushioning against road shocks; 
x Develop longitudinal forces for acceleration and braking; 
x Develop longitudinal forces for cornering; 
 
Besides these above mentioned technical requirements, the tire/wheel set design must undergo a relatively new 
aesthetic rule - its size. In the last few years, the diameter of the wheel in the vehicles has showed a real increase, 
thanks to some style tendencies which reign over the new vehicles designs. Before, big wheels were restricted only 
to sport or high performance cars, but nowadays even low-budget vehicles are equipped with this kind of device (de 
Paula, 2011). And as bigger the wheel size is, smaller is the tire profile, due to geometric restrictions. 
Whereby these big wheels are spreading over almost every vehicle type, it seems reasonable to verify its 
influence over the first objective of the tire design. The aim of this paper is to measure the several levels of loads that 
are applied in one light passenger vehicle body, due to the increase of the tire/wheel size. These load levels are 
important for the calculation of the fatigue damage accumulation on the body areas (Stephens and Fatemi, 2001; 
Schijve, 2009). 
2. The tire 
2.1. History and definitions 
The modern tires are visco-elastic toroids that evolve the wheel rims. The torus is composed of a flexible carcass 
of high-tensile-strength cords fastened to steel-cable beams that anchor the assembly to the rim. The internal 
pressure stresses the structure and any external force causing carcass deformation will result in a tire reaction force 
(Gillespie, 1992).  
The first tires were simple iron or steel bands place in the wheel of carriages or wagons. The first pneumatic tire 
was introduced by John Boyd Dunlop in 1888 (Esteves, 2012) and his concept is being refined during the years. Tire 
constructions can be represented by two basic types: radial and bias tires (Gillespie, 1992; Esteves, 2012). 
In bias tires (Fig. 1) the parallel plies or carcass are made up of two or more plies extending from each bead with 
cords with angles between 35° and 40°. Due to the stiffness of the tire, it has a low capacity in absorb bumps on the 
ground. Impact and shaking are strongly felt by the driver and machine. Bias tires were common in the North-
American vehicles before 1960 and today are relegated to trucks.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Bias tire construction. Source: Recstuff website. 
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Radial tires (Fig. 2) are characterized by parallel plies (carcass) running across the tire in a 90°. Thanks to the 
flexibility and strength of the ply, the tire has a high capacity for absorb shocks, impact and bumps.  The result is a 
better ride and driver comfort. (Gillespie, 1992). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Radial tire construction. Source: Recstuff website. 
2.2. Identification system 
Through international standards (ABNT NBR 6087 in Brazil) the tire dimensions are identified according to the 
following code and main rules (Esteves, 2011).  
Example: tire identified under the code: P 185/75 R14 82S (Fig. 3). 
 
x P: tire application (personal vehicle); 
x 185: tire width (in millimeters); 
x 75: aspect ratio. Relationship between tire width and height. In the example, the height is 75% of 185 mm; 
x R: construction type (radial); 
x 14: wheel rim diameter (in inches); 
x 82: Load rating (475 kg); 
x S: Speed rating (180 km/h). 
 
 
 
Fig. 3. Tire identification code. Source: AutoGOO website. 
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3. The vehicle and the measurement process 
In this research it was used a light personal vehicle, which was loaded with 80% of its full capacity. The loads 
over each axle were set as follow: 
 
x Front axle: 720 kg; rear axle: 582 kg; total load: 1302 kg 
 
 The vehicle was equipped with strain gages positioned in 10 (ten) strategic areas located among: (i) rear floor, (ii) 
fuel tank bracket and (iii) rear axle attachment points, inside the rear side members. These measurement points were 
numerated as indicated in the figures : 
Fig. 4. Measurement points on the rear floor (rear doors area), both sides. 
 
 
Fig. 5. Measurement points on the rear floor (fuel tank bracket). 
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Fig. 6. Measurement points on the rear side members (axle attachment points). 
 
After the instrumentation, the vehicle was conducted over a controlled proving track with a rough road, in order 
to provide the load input in the suspension system. All subsequent measurements were performed with the same 
vehicle and the same track, with controlled speeds for each road section. The following tire sizes were used during 
the measurements: 
Table 1. The tire sizes and pressures used during the measurements 
Tire size Pressure (psi) 
Front Rear 
175/70 R14 33 35 
195/55 R15 31 36 
195/50 R16 31 36 
205/45 R16 31 35 
 
4. Results and conclusion 
With the collection of loads driving each tire size mentioned in Table 1, the data were compiled and analysed 
using the Spectra© Fatigue Software, with the Rainflown counting technique, in order to calculate the linear damage 
accumulation (Miner, 1945) that the different and even bigger tire/wheel sets caused on the vehicle body. The related 
linear accumulated fatigue damage was calculated for each tire size. For comparison effects, it was postulated that 
the linear damage level for the tire 195/55 R15 was the baseline, or 100% of the fatigue damage. The results for all 
tire sets are shown in Figure 7. 
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Fig. 7. Accumulated fatigue damage for the several tire sizes. 
 
 
According to the results obtained through the experimental procedure mentioned in section 3, that can be 
visualized in Figure 7, the accumulated fatigue damage in each measured point on the vehicle body is greater when a 
bigger tire diameter (and a reduced side height) is used. An average increase of 29% was found when using a 205/45 
R16 tire over a baseline with a 195/50 R15 tire. Note that there is only a linear theoretical difference of 5,25 mm 
between the side heights of these two tires. Likewise, the accumulated damage for the lesser tire diameter (175/70R 
14) has a decrease of 13%, when compared with the same baseline. 
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